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(57) Abstract 

A sample tube entry port (20) for an automatic chemical analyzer 
supports individual draw tubes (27) that are manually delivered to the an- 
alyzer at a sample access station (B). The entry port (20) facilitates remo- 
val of samples by a pipette (18) without exposing operating personnel to 
accidental contact with liquid materials in the draw tube (27). To accom- 
modate draw tubes (27) of differing heights, the apparatus includes a 
stripper (167) that is selectively locked onto an elevationally movable ram 
(140) carrying a receptacle (141) for receiving a draw tube (27). A spring- 
biased tube clamp (146) urges each draw tube (27) against guides (142) 
within the receptacle (141) to center draw tubes of differing diameters. 
During operation of the apparatus, the receptacle (141) is first lowered to 
a predetermined elevation, then raised to an intermediate elevation at 
which a draw tube closure (162) is properly positioned for placement of 
the stripper (167) immediately adjacent to its upper surface. The stripper 
(167) is locked relative to the ram (140) in this elevational relationship, 
which is maintained as the closure (162) is impaled on the puncture tube 
(161) and/or the pipette (18) that accesses the contents of the draw tube 
(27). 
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DESCRIPTION 
Sample Tube Entry Port for a Chemical Analyzer 

Technical Field 

This disclosure relates to automatic chemical analyzers. A sample tube entry port 
5 delivers liquid from a draw tube to the clinical analyzer. 

Background Art 

Automated analyzers have been developed for biochemical analysis of patient 
samples, such as whole blood, serum, urine, plasma and cerebral spinal fluid. Most such 

10 equipment available today is large, complicated to operate, and high in cost. 

Operating such equipment is technically complicated. It typically requires specialized 
operators to be always available. It is usually designed for use by large laboratories serving 
a wide geographic area or by a large medical facility. Existing analyzers normally carry out 
tests in a defined sequence designed for efficient, high volume usage. 

IS Such large scale capacity is not always required. This is particularly true in smaller 

medical clinic settings where large volumes of blood sample tests are not required on a daily 
basis. 

The present chemical analyzer meets the practical needs of smaller medical settings. 
It is a desk-top unit that can be operated without specialized laboratory training. Its capacity 

20 is adequate for meeting typical clinical applications. 

The compact nature of the analyzer can be partially attributed to a single probe arm 
and pipette servicing all of the functional liquid-handling components included within it. The 
pipette is used for transferring both samples and reagents, as well as for diluting liquids as 
needed by particular test requirements. 

25 To obtain large volumes of tests, conventional laboratory analyzers are programmed 

to conduct test procedures in a Fixed sequence of events. While predetermined test 
sequences are practical in high volume chemical analyzer applications, there is a need for 
more flexible operation when scaling such test procedures to meet the needs of smaller 
medical facilities. 

30 Most automated analyzers that accommodate samples provided in conventional draw 

tubes require that such tubes be delivered into the machine in carrousels or on a dedicated 
conveyor. The draw tubes are then processed as a group over a significant dwell time within 
the equipment. One feature desirable in many clinical settings is the ability to aliquot 
samples from a conventional draw tube without requiring the continued presence of the draw 

35 tube during the subsequent test sequences. This permits the sample material in the tube to 
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be used simultaneously in other tesi procedures. For this reason, the present sample tube 
entry port has been designed to remove a sample promptly upon receipt of a draw tube. It 
then immediately releases the draw tube for any other current purposes required in the 
setting in which the chemical analyzer is used. 
5 The sample tube entry port has been designed to facilitate automatic aliquoting of 

samples from conventional sealed draw tubes without destroying the seals closing the draw 
tubes. It also protects personnel from accidental contact with the sampled materials. The 
entry port automatically accommodates draw tubes differing from one another in both tube 
diameter and length. 
10 Further details will be clear from the following description. 

Brief Description of the Drawings 

Fig. 1 is a diagrammatic perspective view of the principal components in the analyzer; 
Fig. 2 is a perspective view of the analyzer; 
Fig. 3 is a plan view of the chemical instrument enclosure; 

Fig. 4 is a plan view of the chemical instrument enclosure with the cover removed; 
Fig. 5 is a front elevation view of the enclosure; 

Fig. 6 is a front view of the sample tube entry port module, its front wall being 
removed; 

Fig. 7 is a sectional view taken along line 7-7 in Fig. 6; 
Fig. 8 is a sectional view taken along line 8-8 in Fig. 6; 
Fig. 9 is a sectional view taken along line 9-9 in 'Fig. 7; 
Fig. 10 is a top view of the module shown in Fig. 6; 
Fig. 11 is a top view with the cover in a closed position; 
Fig. 12 is a fragmentary side elevation of the ram; 
Fig. 13 is a front view; 
Fig. 14 is a top view; 

Fig. 15 is a sectional view taken along line 15-15 in Fig. 13; and 
Figs. 16-28 are a series of diagrammatic views illustrating operation of the sample 
tube entry port. 

Best Modes for Carrying Out the Invention 
System Overview 

The automatic chemical analyzer (generally illustrated in Figs. 1-3) includes a 
35 turntable 11 rotatably mounted about a first vertical axis. Disposable cuvettes 10 are 



20 



25 
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releasably mounted to the turntable 11. A motor 12 alternately (1) indexes the turntable 11 
at a stationary angular position about the first axis with a selected cuvette 10 positioned at 
a cuvette access station A or (2) turns it about the first axis while mixing or centrifuging the 
contents of cuvettes mounted to it. 
5 An optical system 14 provided adjacent to the turntable 11 performs analytical tests 

on the contents of the cuvettes 10 as they rotate about the turntable axis. 

A tray 15 is rotatably mounted about a second vertical axis parallel to and spaced 
from the first axis. Tray 15 includes recesses for supporting a plurality of liquid containers, 
namely reagent bottles 25. It also includes replaceable ring segments 26 that include open 

jo cups 35 and open wells 36. A motor 16 indexes tray 15 to a stationary angular position 
about the second axis with a selected container positioned at a container access station C. 

Access to the sample/reagent tray 15 is provided by a hinged tray access cover 8 
formed in the enclosure cover 34. More limited manual access to a single ring segment 26 
located at the front of the chemistry instrument 24 is provided by a hinged segment access 

15 port 7, which is a sub-assembly of cover 8. 

The analyzer also includes a probe arm 17 movable about a third vertical axis parallel 
to the first axis. Probe arm 17 supports a downwardly-extending open pipette 18. The 
vertical pipette 18 is movable along an arcuate path centered about the third axis and 
intersecting both the cuvette access station A and container access station C. It can move 

20 along the arcuate path in a random fashion to transfer liquid from a container positioned on 
the tray at the container access station C to a cuvette 10 positioned on the turntable 11 at 
the cuvette access station A. The arcuate path of the pipette 18 can be visualized along a 
protective groove 29 formed at the exterior of an enclosure 39 housing the chemistry 
instrument 24. 

25 The clinical chemistry analyzer consists of two major components: a chemistry 

instrument 24 and a controlling workstation 30. 

The liquid-handling components that make up the chemistry instrument 24 are 
housed within enclosure 39 (Figs. 2-5). It separates along a peripheral parting line 37 
defining a lower supporting base 33 and an upper hinged cover 34. 

30 Operations required for sample testing of cuvette contents are not carried out in any 

predetermined sequence dictated by insertion of a sample into the chemistry instrument 24. 
Instead, workstation 30 provides random access control to the turntable 11, tray 15 and 
probe arm 17 for selectively transferring liquid from any container on the tray 15 to any 
cuvette 10 on the turntable 11 as required by testing requirements. 
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A second analytical means, shown as an Ion Specific Electrode (ISE) module 38 of 
conventional design and operation, is included within the chemistry instrument 24. It is 
illustrated generally in Fig. 1 and includes an open entry aperture 9 for reception of pipette 
18. Potentiometric tests may be requested and run by the ISE module 38 simultaneously 
5 with photometric tests being conducted by the optical system 14. 

Pipette 18 is used for transferring liquids between various locations about the 
chemistry instrument. Its lower or outer end is open for receiving or discharging liquids. 

Probe arm 17 is supported and powered by a positioning assembly 19. The 
positioning assembly 19 has two stepper motors - one for imparting rotational motion to 
JO probe arm 17 and one for imparting vertical motion to it. 

A cuvette dispenser module 13 is arranged on the framework of the equipment in 
a position immediately above the turntable 11. It a storage magazine for a plurality of stacks 
of cuvettes 10 inserted through a receiving slot 102. It also includes an apparatus for 
transferring individual cuvettes 10 from a randomly selectable stack within the magazine 75 
15 to a receiving compartment on turntable 11. Used cuvettes 10 are discarded into a 
removable cuvette disposal container (not shown). 

Stepper motor 16 can be operated to index sample/reagent tray 15 to a selected 
position about its axis with one or more selected containers at one of four container access 
stations shown in Fig. 3 at locations C 2 , C 3 , C 4 on the equipment framework. Each 
20 container access station intersects the path of pipette 18, which is coincident with groove 29. 

A sample tube entry port 20 is provided on the framework for receiving and 
supporting successive individual draw tubes 27 as they are introduced into the instrument by 
the operator. Its primary use is to permit the taking of aliquots from positively identified, 
sealed patient draw tubes. It can also be used for delivery of control liquids from tubes of 
25 a similar exterior configuration, whether covered or open. Positive identification can be 
provided by an encoded label on each draw tube 27. The label is scanned by a bar code 
reader included within the sample tube entry port 20. 

Each draw tube 27, of conventional design, is sealed by a closure at its upper end. 
Sample tube entry port 20 supports each manually inserted draw tube 27 while pipette 18 
30 pierces the closure 162 to access liquid sample material from the tube interior. Liquid 
removal from successive tubes 27 occurs at a sample access station B along the arcuate path 
29. 

Puncturing means are provided within the sample tube entry port 20 for temporarily 
forming an opening through a closure on a manually-delivered draw tube 27 placed within 
35 it. A ram positioned below the puncturing means receives and coaxially orients a manually 
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placed draw tube 27 relative to the puncturing means. It moves the draw tube parallel to 
a fourth vertical axis (centered along the puncturing means) between a lowered position 
wherein the draw tube 27 is clear of the puncturing means and a raised position wherein the 
puncturing means forms a temporary opening through the draw tube closure for subsequent 

5 coaxial insertion of the pipette 18. The interior of the draw tube 27 is then accessible by 
subsequently inserting pipette 18 coaxially through the puncturing means. 

A wash/alignment module 21 is located at a fixed position on the framework. Its first 
purpose is to provide vertical basins within which the lower end surfaces of pipette 18 can 
be flushed clean during or after liquid transfer cycles. It also supports a conductive sensing 

10 plate that verifies both the radial alignment and elevational position of pipette 18 about the 
pipette axis on the probe arm 17 for monitoring alignment of the pipette. These operations 
occur at a wash/alignment station D along the arcuate path 29 of pipette 18. Waste water 
is directed into a container 302. 

Water is supplied to pipette 18 from a syringe module 22 connected to a water supply 

25 container in a container rack 28. Tubing 23 (Fig. 1) connects syringe module 22 to pipette 
18. Tubing 23 contains water that can be moved in opposite directions to receive or 
discharge liquids at the lower end of pipette 18. 

The arrangement of operational stations along the arcuate path of pipette 18 permits 
transfer of liquids from a draw tube 27 at the sample access station B to a well 36 at a 

20 container access station C l or C 2 on the sample/reagent tray or from a well 36 to a cuvette 
10 at the cuvette access station A on turntable 11. Alternately, pipette 18 can transfer 
sample diluents (buffers) from the reagent bottles 25 at container access stations C 3 or C 4 
on the sample/reagent tray 15 to a well 36 at a container access station C 1 or C 2 . In 
addition, it can transfer liquids from one well 36 to another, or from a cup 35 to a well 36 

25 for dilution purposes at container access stations C i or C 2 - Direct transfer of reagents from 
bottles 25 to cuvettes 10 can also take place at cuvette access station A. A wash or pipette 
alignment procedure can also be periodically accomplished at wash/alignment station D as 
required. 

30 Sample Tube Entry Port 

Test samples can be individually delivered by the operator to a chemistry instrument 
24 within a conventional draw tube 27 having a resealable stopper or closure 162. Manual 
delivery of a draw tube 27 to the sample tube entry port 20 initiates requisitioned tests 
relating to the liquid sample (blood, urine) contained within it. Removal of sample liquid 
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from tube 27 is accomplished without destroying the seal provided by closure 162, which is 
of a type normally provided on draw tubes used for blood sampling purposes. 

Sample tube entry port 20 is constructed as an operational module detailed in Figs. 6- 
15. It is designed to receive and handle draw tubes 27 of differing lengths and diameters. 
5 It temporarily punctures the stopper of each draw tube 27, providing an opening through a 
puncture tube 161 for entry of pipette 18. The closure 162 on the draw tube 27 later reseals 
itself and wipes the exterior surfaces of both the puncture tube 161 and the pipette 18 as 
they are retracted outwardly from it. 

The sample tube entry port 20 is designed about an elcvationally movable ram 140 
10 having an upwardly open receptacle 141 for holding a single draw tube 27. The ram 140 is 
detailed in Figs. 12-15. 

Sample tube entry port 20 is shown in Figs. 6-10 with a receiving draw tube ram 140 
at its "home" position. This is the position in which draw tubes are manually inserted into 
or removed from chemistry instrument 24. Operation of the sample tube entry port 20 is 
75 diagrammatically illustrated in Figs. 16-28. 

The module enclosure includes two spaced vertical side walls 152 and 153. These 
walls are transversely spanned by a front wall 154 and a rear wall 155. A forward horizontal 
flange 156 serves as a partial cover for the mechanism within the enclosure. A horizontally 
movable access cover 160 is slidably guided by rods 157 at each side of the enclosure. 
20 One side of ram 140 has an open slot 143 leading to receptacle 141. Encoded 

information on labels applied to a draw tube 27 can be accessed through the slot 143 and 
read by a scanner 144. Transversely open apertures 186 also extend though the ram 140 next 
to the bottom end of receptacle 141. The presence of a draw tube 27 within ram 140 is 
detected by line of sight sensors 189 aligned with the apertures 186 and mounted on the 
25 opposed side walls 152, 153 of this module. 

The bottom end of receptacle 141 is concavely dished to help in supporting draw 
tubes 27 of differing diameters. Receptacle 141 is also provided with two vertical ribs 142 
along its back. They engage and transversely center draw tubes 27 of differing diameters, 
as shown by the circles drawn in dashed lines in Fig. 14. 
30 The front of ram 140 is apertured at 145 to access the interior of receptacle 141. 

Two protruding brackets 185 are located below the aperture 184. A spring-biased tube 
clamp 146 is pivoted between brackets 185 about a transverse pivot shaft 147 extending 
between the side walls 152 and 153. The tube clamp 146 is spring-biased to an inner 
position projecting inwardly through recess 145. at which it engages the centerline of a draw 
35 tube 27 located within receptacle 141. 
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The inward pressure exerLed on a draw tube 27 by Ihe spring-biased tube clamp 146 
urges it rearwardly toward the two spaced centering ribs 142. This action transversely centers 
each draw tube 27 within ram 140 regardless of its diameter. Tube clamp 146 then yieldably 
holds tube 27 in a fixed position within ram 140 during later sampling procedures. 

5 Tube clamp 146 includes an integral forwardly-projecting tab 149. A transverse 

rod 159 extends from side wall 152 of the module enclosure across the vertical path of 
movement of the tab 149. Engagement of tab 149 by the stationary rod 159 will result in 
outward movement of finger 147 from within receptacle 141 of ram 140 at the upper limit 
of movement of ram 140. 

jo A rigid vertical rack 148 extends downwardly from ram 140. The rear surface of 

rack 148 has a vertical groove 72 formed along it. Groove 72 receives two guide rollers 150, 
which act in opposition to a driving gear 151 that meshes with the teeth formed across the 
front of rack 148 to support the rack 148 and ram 140. Gear 151 is powered by a DC 
motor 163 located on the outer surface of side wall 152. The combination of gear 151 and 

15 rollers 150 maintains ram 140 in a constant vertical orientation throughout the limits of its 
vertical movement relative to the supporting module enclosure. 

A longitudinal flag 184 protrudes to one side of rack 148 (see Figs. 9 and 13). The 
upper end of flag 184 and an open notch 187 near its lower end are used to define 
predetermined limits of travel of ram 140 during its operation. They respectively act in 

20 conjunction with overlapping optical sensors 182 and 183 on the side wall 153 of the 
enclosure to detect maximum limits of vertical motion of ram 140 relative to the module 
framework. Line of sight sensors 181 are also arranged across side walls 152, 153, as shown 
in Fig. 6. The sensors 181 detect an intermediate position of each draw tube 27 as it is being 
raised vertically with the ram 140. 

25 Cover 160 is reciprocated across the top of the enclosure by a rack 164 along its 

inside surface and a meshing drive gear 165. Gear 165 is powered by a DC motor 166. 

The limits of movement of cover 160 are controlled by back and front sensors 179 
and 199 mounted to a circuit board 159 located outwardly adjacent to side wall 153 of the 
module enclosure. A projecting horizontal flag 169 directed toward the adjacent side of 

30 cover 160 on a depending plate 71 is detected by the respective sensors 179 and 199 to 
terminate operation of motor 166 at the limits of cover movement. Detection of the 
positions of flag 169 assures that the cover 160 is either fully opened or fully closed for 
proper and safe operation of the chemical instrument 24. 

Cover 160 mounts an open-ended puncture tube 161 designed to resealably puncture 

35 a conventional closure 162 on a draw tube 27. The inside diameter of puncture tube 161 is 
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larger than the outside diameter of pipette 18. It presents an open aperture 158 for 
reception of the pipette 18 when the cover 160 is in its forward, or closed, position. 

A bifurcated stripper 167 selectively overlies and engages the upper surface of a 
closure 162 on a draw tube 27 positioned within ram 140. Stripper 167 is centrally slotted 
5 at its front end to straddle the axial location of puncture tube 161 (see Figs. 10 and 11). Its 
purpose is to prevent upward movement of closure 162 and draw tube 27 relative to ram 140 
during removal of the puncture tube 161 and pipette 18 from a draw tube 27. 

The stripper 167 is rnovably supported alongside the ram 140 by an integral extension 
168. The lower end of extension 168 is pivotally guided on the supporting enclosure by a 
10 stationary shaft 170 received within a longitudinal slot 171. Shaft 17 is mounted to side 
wall 152 and mounts washers 172 that overlap the slot 171. 

The upper end of extension 168 is similarly supported by a shaft 173 and overlapping 
washers 174. Shaft 173 is freely received within a second longitudinal slot 175 formed 
through extension 168. It is fixed to the plate 71 that extends downwardly from cover 160 
15 next to side wall 153. Slot 175 within extension 168 is longer than slot 171. The extended 
length of slot 175 accommodates both the arcuate movement of extension 168 about the 
transverse axis of the stationary stub shaft 170 and the conjoint straight line movement of 
cover 160. 

The lower end of extension 168 includes a straight section of gear teeth 176 formed 
20 across a transverse block 70 that faces toward rack 148. Gear teeth 176 are complementary 
to the teeth along rack 148. They are adapted to interfit with them to selectively lock 
extension 168 to rack 148 during operation of the sample tube entry port 20. 

The lower end of extension 168 also includes a projecting flag 177. The position of 
flag 177 is detectable by upper and lower light sensors 178 and 180 on the rear wall 155 of 
25 the enclosure. 

A stationary conductive metal plate 138 is spaced just slightly behind ram 140. It is 
supported on side wall 152. The elevation of plate 138 overlaps each draw tube 27 
positioned within ram 140 at its uppermost position where the pipette 18 is inserted into it 
for sample access purposes. 
30 The combination of the conductive plate 138 and conductive pipette 18 is used to 

capacitively sense the level of sample material within draw tube 27. By assuming that a draw 
tube 27 has the minimum diameter accommodated within the design limits of receptacle 141, 
measurement of the sample level can be converted by workstation 30 into usable sample 
volume information for inventory purposes. The calculation of remaining, sample volume 
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within a draw tube 27 also enables workstation 30 to guide the descending pipette 18 to a 
level adequate to remove the volume of sample needed for requisitioned tests. 

Operation of the sample tube entry port to deliver samples from a draw tube occurs, 
on a demand basis, during the spin cycle of turntable 11. 
5 The method of sample delivery to chemistry instrument 24 involves the steps of 

receiving a manually placed draw tube 27 beneath the puncture tube 161, moving the draw 
tube between a lowered position wherein the draw tube is clear of the puncture tube and 
a raised position wherein the puncture tube forms a temporary opening through a closure 
on the draw tube, and subsequently inserting the pipette 18 coaxially through the opening 
10 in the closure to access the interior of the draw tube. It further comprises the step of 
detecting the level of liquid in the draw tube 27 as it is approached by the pipette 18, using 
the capacitive sensing system. 

The sequence of operations for the sample tube entry port can best be understood 
by reference to the simplified illustrations of Figs. 16-28. 
75 Fig. 16 shows ram 140 in its "home" position, where it receives and discharges 

successive draw tubes 27. This position of ram 140 is defined by the notch 187 within flag 
184, which is detected by optical sensor 183. 

Cover 160 is in its retracted or open position when ram 140 is "home". The tube 
clamp 146 is retracted from within the receptacle 141 at the "home" position, since the tab 
20 149 is held downwardly by its engagement against rod 159. Stripper 167 is pivoted 
rearwardly and displaced from the top of ram 140, leaving the receptacle 141 open to receive 
an incoming draw tube 27. A draw tube 27 can then be loosely placed within ram 140 by 
an operator to initiate taking of a liquid sample from within it. 

Reception of a draw tube 27, when inserted manually in the direction shown by arrow 
25 A in Fig. 17, is sensed by line of sight sensors 189 on the opposed side walls 152, 153. 
Sensors 189 will be trained through the transversely aligned apertures 186 in ram 140 while 
the ram 140 is stationary at its "home" position. 

Detection of a draw tube 27 located within receptacle 141 by action of the sensors 
189 initiates operation of motor 163 to move ram 140 downwardly within its surrounding 
30 enclosure in the direction shown by arrow B in Fig. 18. As ram 140 moves downwardly, the 
finger 149 on tube clamp 146 will separate from stationary rod 159. This allows tube clamp 
146 to pivot inwardly by spring pressure to engage against the draw tube 27 through the 
aperture 145 formed in ram 140. The pressure of tube clamp 146 urges the draw tube 27 
. back between the vertical ribs 142 within the receptacle 141 to center and hold it securely 
35 within ram 140 regardless of its diameter or length. 
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Downward movement of ram 140 then continues in the direction of arrow B to its 
bottom limit of movement (Fig. 18). This extreme lower position is defined by detection of 
the upper end of flag 184 by sensor 182. 

When the bottom limit of movement of ram 140 is reached, the controls for 

5 motor 163 will be reversed to impart upward movement to it in the direction shown by arrow 
C in Fig. 19. This upward movement will continue until the top surface of the closure 162 
on the draw tube 27 is sensed by line of sight sensors 181 trained between the side walls 152, 
153 of the enclosure. 

The intermediate limit of upward motion for a specific draw tube 27 is illustrated in 

w Fig. 19. It is to be noted that this limit of movement is defined by the top surface of the 
closure 162 and is independent of the axial length of draw tube 27. 

After the draw tube 27 has been raised to its intermediate elevated position, as 
shown in Fig. 19, a bar coded label or other readable indicia along the side of the draw 
tube 27 is scanned by digital scanner 144. The scanned identification data can then be 

15 transmitted to the programmed workstation 30 to access requisition information supplied 
with respect to the sample. The scanned data also permits the identification of the sample 
to be verified. By matching the identification data and requisition data for a specific sample, 
the analyzer can then program the tests to be conducted upon it and compute the amount 
of sample that must be removed from the draw tube 27 for such tests. 

20 If the sample identification and requisition information is not matched in workstation 

30, control signals supplied from it to motor 163 will override photocell detector 181 and 
cause the ram 140 to return to its "home" position, as shown in Fig. 17, where the draw 
tube 27 can be manually removed from the sample tube entry port. At this point the 
operator can remove and rotate the reinserted draw tube 27 to align encoded indicia along 

25 its side with the slot 143 for access by scanner 144 or can manually input identifying data 
through keyboard 32. Replacement of draw tube 27 within receptacle 141 will cause the 
steps described with respect to Figs. 17-19 to be repeated until the sample identification 
sequence is successfully completed. 

Assuming that a draw tube 27 and inputted requisition data have been properly 

30 identified, either through scanner 144 or keyboard 32, the removal of sample liquid from 
within the draw tube 27 is then carried out automatically with no further manual 
intervention. 

The next step in the procedure involves forward movement of cover 160 in the 
direction shown by arrow D in Fig. 20. This cover motion, which is initiated under control 
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of workstation 30, prevents further manual access to the draw tube 27. Closing of cover 160 
also axially aligns puncture tube 161 above closure 162. 

As closing movement of cover 160 occurs, the stripper 167 and extension 168 will be 
pivoted about stub shaft 170 by the connection between shaft 173 and extension 168 to bring 

5 extension 168 into a vertical position parallel with rack 148. This causes gear teeth 176 to 
engage and be interfitted with the teeth along the front of rack 148. Because extension 168 
will then be resting at the upper end of slot 171, extension 168 will be clamped to rack 148 
in a predetermined elevational relationship position with stripper 167 immediately adjacent 
to the previously-referenced elevation of the upper surface of stopper 162. In this position, 

jo both the upper surface of the closure 162 on draw tube 27 and the stripper 167 are 
elevationally referenced with respect to the enclosure - closure 162 by operation of sensors 
181, and stripper 167 by the engagement between slot 171 and stub shaft 170. They can thus 
be accurately positioned relative to one another regardless of draw tube height. 

Puncturing of closure 162 is accomplished by raising the engaged ram 140 and 

75 extension 168 in unison through operation of motor 163. This elevational motion, in the 
direction shown by arrow E in Fig. 21, is limited by sensor 178. Sensor 178 detects the upper 
limit of movement of extension 168 when it is blocked by flag 177, as shown in Fig. 21. 

After closure 162 has been punctured, the probe arm 17 is pivoted about its axis on 
the chemistry instrument 24 in the manner illustrated by arrow F in Fig. 22. The movements 

20 of probe arm 17 occur under control of the programmed workstation 30 to align pipette 18 
above aperture 158 (Fig. 22). Probe arm 17 can then be lowered in the direction shown by 
arrow G in Fig. 23 to insert pipette 18 downwardly into draw tube 27. The amount of liquid 
to be drawn from the draw tube 27 is governed by microprocessor control and instructions 
programmed into the workstation 30 for a specific test requisition. 

25 Following receipt of the liquid sample, ram 140 is initially moved downwardly in the 

direction shown by arrow H in Fig. 24 until flag 177 is detected by sensor 180. The 
straddling nature of the bifurcated stripper 167 resting against the upper surface of closure 
162 assures against displacement of the closure 162 with respect to draw tube 27 as they are 
lowered relative to the stationary puncture tube 161. It is to be noted that pipette 18 is 

30 stationary and partially remains within the draw tube 27 during withdrawal of puncture tube 
161. 

After closure 162 has been lowered to the position shown in Fig. 24, where it is clear 
of puncture tube 161, probe arm 17 can be raised in the direction shown by arrow I in Fig. 
25 to retract pipette 18 upwardly through aperture 158 in cover 160. The resealing closure 
35 162 will then wipe the outer surfaces of pipette 18 to prevent liquid from dripping from the 
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exterior of the pipette as it is lifted upwardly. Pipette 18 is then freed for laier movement 
about the chemistry instrument 24. 

Following lifting of pipette 18, the workstation 30 operates motor 166 to move cover 
160 rearwardiy in the direction shown by arrow J in Fig. 26. Retraction of cover 160 also 
5 separates gear teeth 176 from rack 148, returning the stripper to its original position. 

After retraction of cover 160 has been completed, motor 163 is again activated to 
raise ram 140 in the direction shown by arrow K in Fig. 27 to its "home" position, where tube 
clamp 146 is released. The resealed draw tube 27 can then be manually lifted from ram 140 
in the direction shown by arrow L in Fig. 28, leaving ram 140 again in its "home" position, 
jo where it is ready for reception of a subsequent draw tube. Successive draw tubes can be 
manually supplied to the chemistry instrument 24 at any time during its operation. 

The invention has been described in language more or less specific as to methodical 
features. It is to be understood, however, that the invention is not limited to the specific 
features described, since the means herein disclosed comprise preferred forms of putting the 
15 invention into effect. The invention is, therefore, claimed in any of its forms or 
modifications within the proper scope of the appended claims. 
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CLAIMS 

1. A sample tube entry port for accessing the contents of a draw tube after it 
has been manually delivered to a sample access station of a chemistry instrument including 
a probe arm supporting a downwardly-extending open pipette movable about an arcuate path 
5 centered about a fixed reference axis, comprising: 

tubular puncturing means for temporarily forming an opening through a closure on 
a manually-delivered draw tube placed in the sample tube entry port means to make the 
interior of the draw accessible by subsequently inserting the pipette of the probe arm means 
coaxially through the puncturing means; 

W ram means including an upwardly open receptacle positioned on the chemistry 

instrument at an elevation below that of the puncturing means for receiving and transversely 
centering a manually placed draw tube relative to the puncturing means and for elevationally 
moving the draw tube in directions parallel to the reference axis between a lowered position 
wherein the draw tube and receptacle are clear of the puncturing means and a raised 

15 position wherein the puncturing means forms a temporary opening through a closure at the 
top of a draw tube within the receptacle in preparation for subsequent coaxial insertion of 
the pipette; and 

a bifurcated stripper including an extension that can be releasably engaged with the 
ram means to selectively lock the extension to the ram means when the stripper is in its 
20 extended position, the extension being pivotally mounted on the chemistry instrument for 
movement of the stripper between a retracted position clear of the ram means and an 
extended position overlying the ram means and straddling the axial location of the puncturing 
means. 



25 2. The sample tube entry port of claim 1, wherein the ram means includes a 

vertical rack having transverse teeth in meshing engagement with a powered gear; 

the extension having a section of gear teeth complementary to the teeth along the 
rack and adapted to interflt with the teeth so as to selectively lock the extension to the rack 
means during operation of the sample tube entry port. 

30 

3. The sample tube entry port of claim 1, wherein the extension is pivotally 
mounted by a stationary shaft received within a longitudinal slot formed through the 
extension, the slot accommodating upward motion of the ram means and stripper when the 
extension is locked to the ram means. 

35 
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4. The sample tube entry port of claim 1, further comprising: 

control means for selectively lowering the ram means relative to the puncturing 
means to a first predetermined elevation and subsequently raising the ram means to an 
elevated position with the upper surface of a closure in a draw tube in the receptacle being 
5 at an elevation immediately below that of the bifurcated stripper when in its extended 
position. 

5. Tne sample tube entry port of claim 1, wherein the upwardly-open receptacle 
includes upright surfaces adapted to engage draw tubes of differing diameters located within 

W the receptacle; and 

tube clamp means mounted on the receptacle for selectively urging a draw tube into 
engagement with the upright surfaces. 

6. The sample tube entry port of claim 1, wherein the upwardly-open receptacle 
75 includes a transverse aperture and upright interior ribs facing the aperture and adapted to 

engage one side or draw tubes of differing diameters located within the receptacle; and 

a tube clamp mounted on the receptacle selectively projecting through the aperture; 

and 

biasing means operably connected between the receptacle and the tube clamp for 
20 moving the tube clamp through the aperture and urging a draw tube into engagement with 
the upright ribs. 

7. The sample tube entry port of claim 1, further comprising: 

a cover movably mounted on the chemistry instrument at the sample access station, 
25 the cover being movable between an open position clear of the ram means and a closed 
position overlying it; 

the puncturing means being fixed to and extending downwardly from the underside 
of the cover. 

30 8. The sample tube entry port of claim 1, further comprising: 

a cover movably mounted on the chemistry instrument at the sample access station, 
the cover being movable between an open position clear of the ram means and a closed 
position overlying it; 

the puncturing means being fixed to and extending downwardly from the underside 
35 of the cover; and 
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pivot means interconnecting the cover and the bifurcated stripper for shifting the 
stripper between its retracted and extended positions in response to movement of the cover 
between its open and closed positions, respectively. 

5 9. A method for accessing the contents of a draw tube after it has been 

manually delivered to a sample access station of a chemistry instrument including a probe 
arm supporting a downwardly-extending open pipette, comprising the following steps: 

receiving a manually placed draw tube within an elevationally movable receptacle; 
selectively lowering the receptacle and draw tube to a first predetermined elevation; 
jo subsequently raising the receptacle and draw tube to an intermediate elevated 

position at which an upper surface of a closure in the draw tube is positioned at an second 
predetermined elevation; 

positioning a hollow puncture tube above the closure; 

locking a bifurcated stripper relative to the receptacle with the stripper immediately 
75 adjacent to the elevation of the upper surface of the closure to match the elevational 
position of the stripper to the overall height of the draw tube and closure; 

raising the receptacle and draw tube to a third predetermined elevation at which the 
closure is punctured by the puncture tube; and 

inserting a pipette through the puncture tube and into the interior of the draw tube 
20 to access its contents. 

10. The method for accessing the contents of a draw tube as set out in claim 9, 
comprising the following additional step prior to the step of selectively lowering the 
receptacle and draw tube: 

25 selectively urging the draw tube into engagement against upright surfaces at the 

inside of the receptacle to thereby accommodate draw tubes of differing diameters. 

11. The method for accessing the contents of a draw tube as set out in claim 9, 
comprising the following additional sequential steps: 

30 first moving the receptacle and locked stripper downwardly until the closure is 

elevationally clear of the puncture tube; and 

then raising the pipette upwardly to elevationally retract it from the closure and 
puncture tube and free it for subsequent movement. 
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12. The method for accessing the contents of a draw tube as set out in claim 9, 
comprising the following additional sequential steps: 

first moving the receptacle and locked stripper downwardly until the closure is 
elevationally clear of the puncture tube;. 
5 then raising the pipette upwardly to elevationally retract it from the closure and 

puncture tube and free it for subsequent movement; 

releasing the bifurcated stripper from the receptacle and moving it to a location clear 
of the receptacle; and 

raising the receptacle and draw tube to an elevation at which the draw tube can be 
JO manually removed from within the receptacle. 
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AMENDED CLAIMS 

[received by the International Bureau on 16 July 1993 (16.07.93); 

original claims 1-12 replaced by amended claims 1-12 (4 pages)] 

1. A sample tube entry port (20) for accessing the contents of a draw tube (27) 
after it has been manually delivered to a sample access station (B) of a chemistry instrument 
including a probe arm (17) supporting a downwardly-extending open pipette (18) movable 
5 about an arcuate path centered about a fixed reference axis and tubular puncturing means 
(161) for temporarily forming an opening through a closure (162) on a manually-delivered 
draw tube (27) placed in the sample tube entry port means to make the interior of the draw 
tube (27) accessible by subsequently inserting the pipette (18) of the probe arm means (17) 
coaxially through the puncturing means (161); the sample tube entry port (20) being 
10 characterized by: 

ram means (140) including an upwardly open receptacle (141) positioned on the 
chemistry instrument at an elevation below that of the puncturing means (161) for receiving 
and transversely centering a manually placed draw tube (27) relative to the puncturing means 
(161) and for elevationally moving the draw tube (27) in directions parallel to the reference 
15 axis between a lowered position wherein the draw tube (27) and receptacle (141) are clear 
of the puncturing means (161) and a raised position wherein the puncturing means (161) 
forms a temporary opening through a closure (162) at the top of a draw tube (27) within 
the receptacle (141) in preparation for subsequent coaxial insertion of the pipette (18); and 
a bifurcated stripper (167) including an extension (168) that can be releasably 
20 engaged with the ram means (140) to selectively lock the extension (168) to the ram means 
(140) when the stripper (167) is in its extended position, the extension (168) being pivotally 
mounted on the chemistry instrument for movement of the stripper (167) between a 
retracted position clear of the ram means (140) and an extended position overlying the ram 
means (140) and straddling the axial location of the puncturing means (161). 

25 

2. The sample tube entry port of claim 1, further characterized by: 

the ram means (140) including a vertical rack (148) having transverse teeth in 
meshing engagement with a powered gear (151); and 

the extension (168) having a section of gear teeth (176) complementary to the teeth 
30 along the rack (148) and adapted to interfit with the teeth along the rack (148) so as to 
selectively lock the extension (168) to the rack (148) during operation of the sample tube 
entry port (20). 

3. The sample tube entry port (20) of claim 1, further characterized by the 
35 extension (168) being pivotally mounted by a stationary shaft (170) received within a 
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longitudinal slot (171) formed through the extension (168), the slot (171) accommodating 
upward motion of the ram means (140) and stripper (167) when the extension (168) is 
locked to the ram means (140). 

5 4. The sample tube entry port (20) of claim 1, further characterized by: 

control means (163, 181, 182, 184) for selectively lowering the ram means (140) 
relative to the puncturing means (161) to a first predetermined elevation and subsequently 
raising the ram means (140) to an elevated position with the upper surface of a closure (162) 
in a draw tube (27) in the receptacle (141) being at an elevation immediately below that of 

10 the bifurcated stripper (167) when in its extended position. 

5. The sample tube entry port (20) of claim 1, further characterized by the 
upwardly-open receptacle (141) including upright surfaces (142) adapted to engage draw 
tubes (27) of differing diameters located within the receptacle (141); and 

15 tube clamp means (146) mounted on the receptacle (141) for selectively urging a 

draw tube (27) into engagement with the upright surfaces (142). 

6. The sample tube entry port (20) of claim 1, further characterized by the 
upwardly-open receptacle (141) including a transverse aperture (145) and upright interior 

20 ribs (142) facing the aperture (145) and adapted to engage one side of draw tubes (27) of 
differing diameters located within the receptacle (141); 

a tube (27) clamp mounted on the receptacle (141) selectively projecting through the 
aperture (145); and 

biasing means operably connected between the receptacle (141) and the tube (27) 
25 clamp for moving the tube (27) clamp through the aperture and urging a draw tube (27) into 
engagement with the upright ribs (142). 

7. The sample tube entry port (20) of any one of claims 1-6, further 
characterized by: 

30 a cover (160) movably mounted on the chemistry instrument at the sample access 

station (B), the cover (160) being movable between an open position clear of the ram means 
(140) and a closed position overlying it; 

the puncturing means (161) being fixed to and extending downwardly from the 
underside of the cover (160). 

35 
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8. The sample tube entry port (20) of claim 7, further characterized by: 
pivot means (173, 175) interconnecting the .cover (160) and the bifurcated stripper 

(167) for shifting the stripper (167) between its retracted and extended positions in response 
to movement of the cover (160) between its open and closed positions, respectively. 

5 

9. A method for accessing the contents of a draw tube (27) after it has been 
manually delivered to a sample access station (B) of a chemistry instrument including a probe 
arm (17) supporting a downwardly-extending open pipette (18), that includes the steps of 
receiving a manually placed draw tube (27) within an elevationally movable receptacle (141) 

JO and inserting a pipette (18) through the puncture tube (27) and into the interior of the draw 
tube (27) to access its contents.; the method being characterized by the following steps: 

selectively lowering the receptacle (141) and draw tube (27) to a first predetermined 
elevation; 

subsequently raising the receptacle (141) and draw tube (27) to an intermediate 
75 elevated position at which an upper surface of a closure (162) in the draw tube (27) is 
positioned at a second predetermined elevation; 

positioning a hollow puncture tube (27) above the closure (162); 

locking a bifurcated stripper (167) relative to the receptacle (141) with the stripper 
(167) immediately adjacent to the elevation of the upper surface of the closure (162) at the 
20 second predetermined elevation to thereby match the elevational position of the stripper 
(167) to the overall height of the draw tube (27) and closure (162); and 

raising the receptacle (141), draw tube (27) and locked stripper (167) to a third 
predetermined elevation at which the closure (162) is punctured by the puncture tube (27). 

25 

10. The method for accessing the contents of a draw tube (27) as set out in 
claim 9, further characterized by the following additional step prior to the step of selectively 
lowering the receptacle (141) and draw tube (27): 

selectively urging the draw tube (27) into engagement against upright surfaces (142) 
30 at the inside of the receptacle (141) to thereby accommodate draw tube (27)s of differing 
diameters. 

11. The method for accessing the contents of a draw tube (27) as set out in 
claim 9, further characterized by the following additional sequential steps: 
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first moving the receptacle (141) and locked stripper (167) downwardly until the 
closure (162) is elevationally clear of the puncture tube (27); and 

then raising the pipette (18) upwardly to elevationally retract it from the closure 
(162) and puncture tube (27) and free it for subsequent movement. 

5 

12. The method for accessing the contents of a draw tube (27) as set out in 
claim 11, further characterized by the following additional sequential steps: 

releasing the bifurcated stripper (167) from the receptacle (141) and moving it to a 
location clear of the receptacle (141); and 
jo raising the receptacle (141) and draw tube (27) to an elevation at which the draw 

tube (27) can be manually removed from within the receptacle (141). 
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STATEMENT UNDER ARTICLE 19 



New claims 1-12 are amended to reorganize the claims in the form described in 
Rule 6.3(b) and to include reference signs relating to the features of the drawings, as 
provided in Rule 6.2(b). 
23 Claim 7 is now a multiple dependent claim under Rule 6.4(a). Claims 8 and 12 have 

been amended to delete duplicative statements presented in claims 7 and 11, respectively. 

Claim 9 has been amended to add a recitation emphasizing that locking of the 
stripper with respect to the receptacle occurs "at the second predetermined elevation.'' The 
20 "raising" step now pertains to the "receptacle, draw tube and locked stripper." These changes 
distinguish the claimed method from the disclosure of the cited published PCT application 
WO 89/12829, which neither locks the stripper with respect to the draw tube support nor 
raises the stripper in conjunction with the support and draw tube. 

The amendments to the claims are not believed to have any impact on the description 
25 and drawings of the application as filed. They are fully supported by the description and 
drawings. 
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